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(54) Downhole tool and method for use of the same 

(57) A downhole tool (38) comprises a housing (42) 
having a fluid passageway (84), a mandrel (44) having 
an interior volume (50), the mandrel (44) being slidably 
disposed within the housing (42), and the mandrel (44) 
having a plurality of axial positions relative to the hous- 
ing (42). The mandrel (44) is slidably operated respon- 
sive to the fluid pressure within the interior volume (50) 
such that the mandrel (44) cycles through the plurality of 
positions. A retractor sleeve (64) is operably associated 
with the housing (42) and the mandrel (44) for engaging 
the mandrel (44) and slidably urging the mandrel (44) 
relative to the housing (42). The retractor sleeve (64) is 
slidably operated responsive to the fluid pressure within 
the interior volume (50). A seal assembly (72) is slidably 
disposed around the housing (42), the seal assembly 
(72) including a floating piston, the housing (42) and the 
floating piston defining a chamber (84) therebetween. 
The chamber (84) is in communication with the fluid 
passageway (84) of the housing (42) such that the fluid 
pressure within the interior volume (50) enters the 
chamber (84) and slidably urges the seal assembly (72) 
to stretch the seal assembly (72). 
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Description 

This invention relates, in general, to a formation 
evaluation tool and, in particular to, a downhole tool 
having a retractor sleeve operably associated with a 
housing and a mandrel, for engaging the mandrel and 
slidably urging the mandrel relative to the housing in 
response to changes in the fluid pressure within the 
downhole tool. 

During the course of drilling an oil or gas well, for 
example, one operation which is often performed is to 
lower a testing string into the well to test the production 
capabilities of hydrocarbon producing underground for- 
mations intersected by the well. Testing Is typically 
accomplished by lowering a string of pipe, generally drill 
pipe or tubing. Into the well with a packer attached to the 
string at its lower end. Once the test string is lowered to 
the desired final position, the packer is set to seal off the 
annulus between the test string and the wellbore or cas- 
ing, and the underground formation is allowed to pro- 
duce oil or gas through the test string. 

It has been found, however, that more accurate and 
useful information can be obtained iff testing occurs as 
soon as possible after penetration off the formation. As 
time passes after drilling, mud invasion and filter cake 
buildup may occur, both of which may adversely affect 
testing. 

Mud invasion occurs when formation fluids are dis- 
placed by drilling mud or mud filtrate. When invasion 
occurs, it may become Impossible to obtain a represent- 
ative sample of formation fluids or at a minimum, the 
duration of the sampling period must be increased to 
first remove the drilling fluid and tiien obtain a repre- 
sentative sample of formation fluids. 

Similarly, as drilling fluid enters the surface of the 
wellbore in a fluid permeable zone and leaves its sus- 
pended solids on the wellbore surface, filter cake 
buildup occurs. The filter cakes act as a region of 
reduced permeability adjacent to the wellbore. Thus, 
once filter cakes have formed, the accuracy of resen^oir 
pressure measurements decrease affecting the calcula- 
tions for permeability and produceability of the forma- 
tion. 

Some prior art samplers have partially overcome 
these problems by making it possible to evaluate well 
formations encountered while drilling without the neces- 
sity of making two round trips for tiie installation and 
subsequent removal of conventional tools. These sys- 
tems allow sampling at any time during the drilling oper- 
ation while botii the drill pipe and the hole remain full of 
fluid. These systems, not only have the advantage of 
minimizing mud invasion and filter cake buildup, but 
also, result in substantial savings in rig downtime and 
reduced rig operating costs. 

These savings are accomplished by incorporating a 
packer as part of the drill string and recovering the for- 
mation fluids in a retrievable sample reservoir. A consid- 
erable saving of rig time is affected through the 
elimination of the round trips of tiie drill pipe and the 



reduced time period necessary for hole conditioning 
prior to the sampling operations. 

These samplers, however, are limited in the volume 
of samples which can be obtained due to the physical 

5 size of the sampler and the tensile strength of the wire 
line, slick line or sand line used in removal of the sam- 
pler. In addition, prior art samplers have often been una- 
ble to sufficiently draw down formation pressure to dean 
up tiie zone and quickly obtain a representative sample 

10 of the formation ffluids. Furtiier. these prior art samplers 
are limited to a single sample during each ti'ip into the 
wellbore. 

Therefore, a need has arisen for an apparatus and 
a method for obtaining a plurality of representative flukJ 

75 samples and taking formation pressure measurements 
from one or more underground hydrocarbon formations 
during a single trip into the welltx)re using pressure to 
control the operation of the apparatus. A need has also 
arisen for a cost effective formation evaluation tool and 

20 a cost effective method to evaluate a formation during a 
drilling operation. 

The present invention disclosed herein comprises a 
downhole tool having a housing, a mandrel slidably dis- 
posed within the housing and a reti'actor sleeve opera- 

25 biy associated with the housing and the mandrel for 
engaging the mandrel and slidably urging tiie mandrel 
relative to tiie housing. The mandrel and the retractor 
sleeve are botii slidably operated responsive to 
changes in the fluid pressure within the downhole tool, 

30 which cause tiie mandrel and the retractor sleeve to 
move axially relative to the housing. 

The retractor sleeve defines at least one external 
slot which accepts at least one pin radially extending 
from tiie housing. The radially extending pin guides tiie 

35 relative rotational motion between tiie retiractor sleeve 
and the housing as the retractor sleeve slides axially rel- 
ative to the housing. 

A torsion spring having first and second ends is 
operably associated with the retractor sleeve and tiie 

40 mandrel. The first end of the torsion spring is securably 
attached to the retractor sleeve. The second endi of tiie 
torsion spring is slidably rotatable relative to the retrac- 
tor sleeve. The first end and the second end off tiie tor- 
sion spring have a plurality of rods extending 

45 therebetween, allowing relative rotational motion 
between tiie first end and the second end of tiie torsion 
spring. 

Located on the outer surface of the mandrel is at 
least one external hook. Located on the inner surface of 
so tiie second end of the torsion spring is at least one inter- 
nal lug which is securably engagable with the external 
hook of the mandrel. A coil spring disposed between tiie 
housing and tiie mandrel upwardly biases tiie retractor 
sleeve. 

55 In operation, tiie mandrel is slidably operated 
responsive to the fluid pressure witiiin tiie downhole 

tool. The mandrel has a plurality of positions relative to 
the housing such that increases in fluid pressure gener- 
ally shift the mandrel downward relative to the housing. 
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The retractor sleeve is slidably and rotatably operated 
responsive to the fluid pressure within the downhole tool 
such that the retractor sleeve, at sufficient fluid pressure 
levels within the downhole tool, shifts downward relative 
to the housing and the mandrel, engaging the internal 
lug of the torsion spring with the external hook of the 
mandrel. The coil spring upwardly biases the retractor 
sleeve and the mandrel as the fluid pressure within the 
downhole tool is decreased, thereby upwardly shifting 
the mandrel and the retractor sleeve relative to the 
housing. 

According to one aspect of the invention there is 
provided a downhole tool comprising: a housing; and a 
mandrel having an Interior volume, said mandrel slida- 
bly disposed within said housing, said mandrel having a 
plurality of positions relative to said housing, said man- 
drel slidably operated responsive to a fluid pressure 
within said interior volume such that said mandrel 
cycles through said plurality of positions. 

The mandrel may further Include an upset and said 
housing may further include a load spring having a first 
upset which interferes with said upset of said mandrel 
for supporting said mandrel and allowing said mandrel 
to slide axially relative to said housing when said fluid 
pressure within said Interior volume reaches a first pre- 
determined level. 

The load spring may further include a second upset 
which interferes with said upset of said nfiandrel for sup- 
porting said mandrel and allowing said mandrel to slide 
axially relative to said housing when said fluid pressure 
within said Interior volume reaches a second predeter- 
mined level. 

The housing may further include a shoulder for sup- 
porting said mandrel. 

The downhole tool preferably further comprises a 
retractor sleeve operably associated with said housing 
and said mandrel, said retractor sleeve being engaga- 
ble with said mandrel for slidat)ly urging said mandrel 
relative to said housing, said retractor sleeve being slid- 
ably operated responsive to said fluid pressure within 
said Interior volume. 

The retractor sleeve may define at least one exter- 
nal slot and said housing may further include at least 
one pin radially extending into said at least one slot for 
guiding the relative rotational motion between said 
retractor sleeve and said housing as said retractor 
sleeve slides axially relative to said housing. 

A coil spring may be disposed between said hous- 
ing and said mandrel for biasing said retractor sleeve. 

A torsion spring may be provided having first and 
second ends, said first end of said torsion spring being 
securably attached to said retractor sleeve, said second 
end of said torsion spring being slidably rotatable rela- 
tive to said retractor sleeve. The first end arxi said sec- 
ond end of said torsion spring may have a plurality of 
rods extending therebetween allowing relative rotational 
motion between said first end and said second end of 
said torsion spring. 

The mandrel may further include at least one exter- 



nal hook and said lower end of said torsion spring may 
further include at least one internal lug which is secura- 
bly engageable with said at least one external hook. 

A seal assembly Is preferably slidably disposed 
5 around said housing. The seal assembly preferably fur- 
ther comprises a floating piston. The housing may 
define a fluid passageway, and said floating piston and 
said housing may d^ine a chamber therebetween, said 
chamber being in communrcation with said fluid pas- 
10 sageway of said housing such that when said fluid pres- 
sure within said Interior volume enters said chamber, 
said fluid pressure urges said seal assembly in a first 
direction. The seal assembly nfiay further comprise first 
and second seal elements. 
15 The floating piston may be oriented such that said 
fluid pressure stretches said first and second seal ele- 
ments. 

According to another aspect of the invention there 
is provided a downhole tool comprising: a housing hav- 

20 ing a fluid passageway and an Interior volume; and a 
seal assenfibly slidably disposed around said housing, 
said seal assembly including a floating piston, said 
housing and said floating piston defining a chamber 
therebetween, said chamber in communication with 

25 said fluid passageway such that when a fluid pressure 
within said interior volume enters said chamber, said 
fluid pressure urges said seal assembly in a first direc- 
tion. 

The seal assembly preferably comprises first and 
30 second seal elements. 

The floating piston may be oriented such that said 
fluid pressure stretches said first and second seal ele- 
ments. 

According to another aspect of the invention there 

35 is provided a downhole tool comprising: a housing; a 
mandrel having an interior volume and slidably dis- 
posed within said housing; and a retractor sleeve oper- 
ably associated with said housing and said mandrel, 
said retractor sleeve engageable with said mandrel for 

40 slidably urging said mandrel relative to said housing, 
said retractor sleeve slidably operated responsive to 
said fluid pressure within said interior volume. 

The retractor sleeve is preferably slidably rotatable 
relative to said housing and said mandrel. 

45 The retractor sleeve may define at least one exter- 
nal slot and said housing may further include at least 
one pin radially extending into said at least one slot for 
guiding the relative rotational motion between said 
retractor sleeve and said housing as said retractor 

50 sleeve slides axially relative to said housing. 

A torsion spring may be provided, as described 
above. Also, the mandrel may further Include at least 
one external hooK as described above. 

According to another aspect of the invention there 

55 is provided a downhole tool comprising: a housing hav- 
ing a fluid passageway; a mandrel having an interior vol- 
ume, said mandrel slidably disposed within said 
housing, said marKlrel having a plurality of positions rel- 
ative to said housing, said mandrel slidably operated 
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responsive to a fluid pressure within said interior volume 
such that said niandrel cycles through said plurality of 
positions; a retractor sleeve operabiy associated with 
said housing and said mandrel, said retractor sleeve 
engagable with said mandrel for slidably urging said 
mandrel relative to said housing, said retractor sleeve 
slidably operated responsive to said fluid pressure 
within said interior volume; and a seal assembly slidably 
disposed around said housing, said seat assembly 
including a floating piston, said housing and said float- 
ing piston defining a chamber therebetween, said 
chamber in communication with said fluid passageway 
such that when said fluid pressure within said interior 
volume enters said chamber, said fluid pressure urges 
said seal assembly in a first direction. 

The mandrel may further include an upset and said 
housing may further include a load spring having first 
and second upsets which interfere with said upset of 
said mandrel for supporting said mandrel and allowing 
said mandrel to slide axially relative to said housing 
responsive to said fluid pressure within said interior vol- 
ume. 

The retractor sleeve may be slidably rotatable rela- 
tive to said housing and said mandrel, and said retractor 
sleeve may define at least one external slot and said 
housing may further include at least one pin radially 
extending into said at least one slot for guiding the rela- 
tive rotational motion between said retractor sleeve and 
said housing as said retractor sleeve slides axially rela- 
tive to said housing. 

A torsion spring may be provided, as described 
above. Also, said mandrel may further include at least 
one external hook, as described above. A coil spring 
may also be provided as described above. 

The seal assembly may further comprise first and 
second seal elements and said floating piston may be 
oriented such that said fluid pressure stretches said first 
and second seal elements. 

According to another aspect of the invention there 
is provided a method of operating a downhole tool com- 
prising the steps of: running the downhole tool into a 
wellbore. the downhole tool having a housing, a man- 
drel slidably disposed within said housing and a retrac- 
tor sleeve operabiy associated with said housing and 
said mandrel; increasing the fluid pressure inside the 
downhole tool; axially sliding said mandrel relative to 
said housing in a first direction; increasing the pressure 
inside the downhole tool; axially sliding said retractor 
sleeve relative to said housing in said first direction; 
rotatably sliding said retractor sleeve relative to said 
housing; engaging said retractor sleeve with said man- 
drel; decreasing the pressure inside the downhole tool; 
axially sliding said retractor sleeve and said mandrel rel- 
ative to the housing in a second direction; decreasing 
the pressure inside the downhole tool; and disengaging 
said retractor sleeve from said mandrel. 

The method may further include the steps of con- 
necting the downhole tool proximate the tower end of a 
drill string above a drill bit and drilling said wellbore. The 



method may further include the step of inflating first and 
second seal elements to isolate a formation. The first 
and second seal elements may be deflated. A floating 
piston may be slidably urged in order to stretch a seal 
5 element. 

Alter the step of axially sliding said mandrel relative 
to said housing in a first direction, the pressure inside 
the downhole tool may be inaeased arxi said mandrel 
may be axially slid relative to said housing in said first 
10 direction. After disengaging said retractor sleeve from 
said mandrel, the wellbore may be drilled. 

Reference is now made to the accompanying draw- 
ings in which: 

I- 

15 Figure 1 is a schematic illustration of an offshore oil 
and gas drilling platform operating an embodiment 
of a formation evaluation tool according to the 

present invention; 

Rgures 2A-2D are half sectional views of the for- 

20 mation evaluation tool; 

Figures 3A-3B are half sectional views of an 
embodiment of a seal assembly of a formation eval- 
uation tool according to tiie present invention; 
Rgures 4A-4D are quarter sectional views of tiie 

25 Operation of an embodiment of a mandrel of a for- 
mation evaluation tool according to tiie present 
invention; 

Figure 5 is a perspective representation of an 
embodiment of a load spring of the formation eval- 

30 uation tool according to the present invention; 

Rgure 6 is a half sectional view of an embodiment 
of a retractor section of a formation evaluation tool 
according to the present invention; 
Rgure 7 is a perspective representation of an 

35 emkxxJiment of a retractor sleeve of a formation 
evaluation tool according to the present invention; 
Rgure 8 is a perspective representation of a section 
of an embodiment of a mandrel of a formation eval- 
uation tool of ttie present invention; 

40 Figure 9 is a perspective representation of an 
embodiment of a torsion spring of a formation eval- 
uation tool of the present invention; and 
Rgures 1 0 A-1 OF are quarter sectional views having 
flat development representations of the interaction 

45 between a retractor sleeve, a housing, and a man- 
drel of a formation evaluation tool of the present 
invention. 

While the making and using of various embodi- 
50 ments of the present invention are discussed in detail 
below, it should be appreciated that tiie present inven- 
tion provides many applicable inventive concepts which 
can be embodied in a wide variety of specific contexts. 
The specific embodiments discussed herein are merely 
55 illustrative of specific ways to make and use the inven- 
tion, and do not delimit the scope of the invention. 

Refen-ing to Figure 1 . a formation evaluation tool for 
use on an offshore oil or gas drilling platform is sche- 
matically illustrated and generally designed 10. A semi- 
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submersibie platform 12 is centered over a submerged 
oil arKi gas formation 14 located below sea floor 16. A 
subsea conduit 18 extends from deck 20 of platform 12 
to a wellhead installation 22 including blowout preven- 
tors 24. Platform 12 has a denrick 26 in a hoisting appa- 
ratus 28 for raising and lowering drill string 30 including 
drill bit 32 and drilling formation evaluation and sam* 
pling tool 34. 

Tool 34 includes punp assembly 36 and formation 
evaluation tool 38. Pump assembly 36 may comprise a 
pump which is operated by cycling the tubing pressure, 
a punp which is operated by internal flow, a pump oper- 
ated by rotating the drill string, or a pump operated by 
repeated raising and lowering of the drill string. Pump 
assembly 36 may also comprise a punp operated by 
oscillatory motion of a power section as described in 
coassigned and copending United States Patent Appli- 
cation Serial No. 08/657,265, filed on June 3, 1996, 
entitled **Automatic Downhole Pump Assembly and 
Method for Use of the Same** 

During a drilling and testing operation, drill bit 32 is 
rotated on drill string 30 to create wellbore 40. Shortly 
after drill bit 32 intersects formation 14. drilling stops to 
allow formation testing before significant mud invasion 
or filter cake build up occurs. The tubing pressure inside 
drill string 30 is then regulated to operate pump assem- 
bly 36 and formation evaluation tool 38. Punp assembly 
36 may be operated to draw down the fbmnation pres- 
sure In fbrmatbn 14 so that formation fluids can be 
quickly pumped into formation evaluation tool 38. For- 
mation evaluation tool 38 may be operated to obtain a 
representative sample of formation fluid or gather otiier 
formation data with a minimum of drilling downtime. 
After such sanrpling of the formation, the tubing pres- 
sure may be further regulated to operate formation eval- 
uation tool 38 such that drilling may resume. 

Even though Figure 1 shows formation evaluation 
tool 38 attached to drill string 30. it should be under- 
stood by one skilled in the art that formation evaluation 
tool 38 is equally well-suited for use during other well 
service operations. It should also be understood by one 
skilled in the art tiiat formation evaluation tool 38 of the 
present invention is not limited to use with semisub- 
mersible drilling platforms as shown in Figure 1 . Forma- 
tion evaluation tool 38 is equally well-suited for use with 
conventional offshore drilling rigs or during onshore 
drilling operations. 

Referring to Figures 2A - 2D, formation evaluation 
tool 38 is depicted. Formation evaluation tool 38 com- 
prises housing 42 which may be threadably connected 
with pump assembly 36 proximate the upper end of for- 
mation evaluation tool 38 as shown in Figure 1. Forma- 
tion evaluation tool 38 includes mandrel 44 which is 
slidat)ly disposed within housing 42 between shoulder 
46 and shoukler 48 of housing 42. Mandrel 44 defines 
interior volume 50 which may accept probe 52 therein. 
Profile 54 of mandrel 44 engages spring loaded keys 55 
of probe 52 to secure probe 52 in position after probe 52 
is inserted into mandrel 44. Annular seals 96 provide a 



seal between mandrel 44 and probe 52. Probe 52 
includes chamber 56, intake valve 58. exhaust valve 60, 
and pressure recorder chamber 62 for containing a 
pressure recorder (not pictured). Intake valve 58 may be 
5 operably associated with pump assembly 36 or probe 
52 may include a pump assembly. 

Disposed between housing 42 and mandrel 44 is 
retractor sleeve 64. torsion spring 66, and coil spring 68. 
Retractor sleeve 64 slides axially and rotates witii 

10 respect to housing 42 and mandrel 44. Torsion spring 
66 is fixably secured to retractor sleeve 64 proximate 
the upper end of torsion spring 66 and rotatably dis- 
posed within retractor sleeve 64 proximate the lower 
end of torsion spring 66. Retractor sleeve 64 is upwardly 

15 biased by spring 66. 

Load spring 70 is disposed between housing 42 
and mandrel 44 of formation evaluation tool 38. Load 
spring 70 supports mandrel 44 and allows mandrel 44 
to slide axially relative to housing 42. 

20 Disposed about housing 42 is seal assemtMy 72. 
Seal assembly 72 comprises upper seal element 74. 
floating member 76, lower seal element 78 and floating 
piston 80. In operation, upper seal element 74 and 
lower seal element 78 isolate formation 1 4 from the drill- 

25 ing fluid above upper seal element 74 and below lower 
seal element 78 so that pump assembly 36 may draw 
down tiie pressure in formation 14, thereby minimizing 
the time needed to obtain a representative sample in a 
formation f luki sampling operation. 

30 In Rgure 3, a half sectional view of seal assembly 
72 is depicted. During a drilling operation, seal element 
74 and seal element 78 are deflated so that seal ele- 
ment 74 and seal element 78 do not interfere with drill- 
ing mud circulation and are not damaged due to contact 

35 with wellbore 40. Seal assembly 72 includes floating 
piston 80. Floating piston 80 and housing 42 define 
chamber 82 which is in communication with interior vol- 
ume 50 via fluid passageway 84 in housing 42. Fluid 
pressure from inside interior volume 50 enters chamber 

40 82 downwardly urging floating piston 80. Floating piston 
80 is downwardly urged due to the difference between 
the hydraulic force exerted on surface 86, and the 
hydraulic force exerted on surface 88. Surface 86 
extends between inner diameter 90 of floating piston 80 

46 and outer diameter 92 of housing 42. Surface 88 
extends between inner diameter 90 of floating piston 80 
and outer diameter 94 of housing 42 which is greater 
than outer diameter 92 of housing 42. Floating piston 80 
downwardly urges seal assembly 72 to stretch seal 

so assembly 72 and to further ensure that seal element 74 
and seal element 78 do not interfere with the drilling 
operation. Above and below chamber 82 and between 
f bating piston 80 and housing 84 are annular seals 96. 
such as 0-rings. 

55 Even though Figure 3 shows seal assembly 72 as 
slbing axially relative to housing 42, it should be under- 
stood by one skilled in tiie art that seal assemt)ly 72 
may slide rotatably about housing 42. 

Probe 52 may be inserted into interior volume 50 as 
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Shown In Rgure 2. After probe 52 is inserted into man- 
drel 44. the fluid pressure within interior volume 50 
downwardly urges mandrel 44. As mandrel 44 slides 
downward relative to housing 42. fluid port 98 of man- 
drel 44 aligns with fluid passageway 100 of housing 42 
allowing fluid pressure from interior volume 50 to inflate 
seal element 74 by traveling between seal assembly 72 
and housing 42. Fluid pressure from interior volume 50 
also travels through fluid passageway 102 in floating 
member 76 in order to inflate seal element 78. Once 
seal element 74 and seal element 78 are inflated and 
formation 14 is isolated, mandrel 42 is shifted down- 
ward to align fluid port 104 with formation fluid passage- 
way 106 of housing 42 and formation fluid passageway 
108 of floating member 76. Floating member 76 
includes formation fluid port 110 which nnay include 
screen 112 to filter out formation particles. When fluid 
port 104 is aligned with formation fluid passageway 106. 
fluid port 114 is aligned with fluid passageway 116 
which allows the pressure to equalize above seal ele- 
ment 74 and below seal element 78 through interior vol- 
ume 50 and drill bit 32. 

Mandrel 44 may be shifted upward relative to hous- 
ing 42 aligning fluid port 114 with fluid passagavay 106 
and fluid passageway 116 and aligning fluid port 98 with 
fluid passageway 100 to deflate seal element 74 and 
seal element 78 by equalizing the pressure in welibore 
40 and interior volume 50. 

Even though Figure 2 depicts seal element 74 and 
seal element 78 as inflatable, it should be understood by 
one skilled in the art that a variety of seal elements are 
equally well-suited to the present invention including, 
but not limited to. compression seal elements. 

In Rgure 4, including Figures 4A-4D. the interaction 
between load spring 70 and mandrel 44 is depicted. 
Mandrel 44 receives pin 1 18 into slot 120 to prevent rel- 
ative rotational movement between mandrel 44 and 
housing 42 as mandrel 44 slides axially relative to hous- 
ing 42. 

Between mandrel 44 and housing 42 Is load spring 
70. Load spring 70 has profile 122 which includes upper 
upset 124 and lower upset 126. Mandrel 44 includes 
upset 128 which interferes with upper upset 124 and 
lower upset 126 of load spring 70. 

As best seen in Figure 5, load spring 70 comprises 
a plurality of cantilevered beams 134 which extend 
between upper end 130 and lower end 132 of load 
spring 70. Beanris 134 are radially defbrmable respon- 
sive to the radial component of the force vector exerted 
by upset 128 of mandrel 44 on upset 124 and upset 126 
of load spring 70 when mandrel 44 is downwardly urged 
by fluid pressure within interior volume 50. 

In Figure 4A, upset 124 of load spring 70 supports 
mandrel 44 by interfering with upset 128. After probe 52 
is inserted into mandrel 44, the fluid pressure within 
Interior volume 50 may be increased to a level sufficient 
to downwardly urge nnandrel 44 such that upset 128 
exerts a radial force on upset 124 radially deforming 
beams 134 and allowing mandrel 44 to slide downward 



relative to housing 42 aligning fluid port 98 with fluid 
passageway 100 to operate seal assembly 72 as 
described in reference to Figure 2. When fluid port 98 
and fluid passageway 100 are aligned, mandrel 44 is 
5 supported by upset 1 26 of load spring 70 due to interfer- 
ence with upset 128. as best shown in Figure 48. 

Mandrel 44 may further shift downward relative to 
housing 42 by increasing the fluid pressure within inte- 
rior volume 50. Since the interference between upset 

10 126 and upset 128 is greater than the interference 
between upset 124 and upset 128 a higher fluid pres- 
sure is required to sufficiently radially deform cantilev- 
ered beams 134 before downward movement of 
mandrel 44 relative to housing 42 can be accomplished. 

IS Once sufficient fluid pressure is provided, mandrel 44 
shifts downward until lower end 136 of mandrel 44 con- 
tacts shoulder 48 aligning fluid port 104 with fluid pas- 
sageway 1 06 as shown in Rgure 4C. 

Mandrel 44 may be shifted upward relative to hous- 

20 ing 42. As mandrel 44 shifts upward, cantilevered 
beams 134 of load spring 70 are radially deformed as 
upset 128 of mandrel 44 contacts upset 126 and upset 
124 of load spring 70. After upset 128 of mandrel 44 
moves above upset 1 24 of load spring 70, mandrel 44 is 

25 supported by load spring 70. 

Rgure 6 depicts the upper end of formation evalua- 
tion tool 38. Retractor sleeve 64 is slidably and rotatably 
disposed between housing 42 and mandrel 44. Extend- 
ing radially inward from housing 42 are pins 138 which 

30 slidably engage slots 140 of retractor sleeve 64 as best 
seen in Figure 7. Pins 138 cause retractor sleeve 64 to 
rotate as retractor sleeve 64 moves axially relative to 
housing 42. 

Disposed between retractor sleeve 64 and mandrel 
35 44 is torsion spring 66. Torsion spring 66 is secured to 
retractor sleeve 64 proximate upper end 142 of torsion 
spring 66 via outer threads 1 44 and inner threads 1 46 of 
retractor sleeve 64 as best seen in Figure 9. Lower end 
1 48 of torsion spring 66 is free to rotate within retractor 
40 sleeve 64. Bearing 150 is disposed between lower end 
148 of torsion spring 66 and retractor sleeve 64. Extend- 
ing between upper end 142 and lower end 148 of tor- 
sion spring 66 is a plurality of rods 152. Rods 152 allow 
for relative rotational motion between upper end 142 
45 and lower end 148 of torsion spring 66. Inner surface 
1 54 of lower end 1 48 includes lugs 1 56 which are secur- 
ably engagable with hooks 158 located on outer surface 
160 of mandrel 44 as best seen in Figure 8 and Figure 
9. 

so Disposed between mandrel 44 and housing 42 is 
coil spring 68. Coil spring 68 upwardly biases retractor 
sleeve 64. Coil spring 68 may be preloaded such that a 
predetermined level of fluid pressure is required to shift 
retractor sleeve 64 downward relative to housing 42. As 

55 coil spring 68 deforms, an increasing amount of fluid 
pressure is required so that the downward hydraulic 
force on retractor sleeve 64 can overcome the bias force 
of coil spring 68. 

Referring to Figures 10A-10F, the operation of 
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retractor sleeve 64 is depicted. Retractor sleeve 64 is 
disposed between housing 42 and mandrel 44. Pins 
138 are at the lower ends of slots 140. Lugs 156 of tor- 
sion spring 66 are adjacent to hooks 158, as best seen 
in the flat development representations in Rgure 1 0A. s 

As the pressure within interior volume 50 is 
increased, mandrel 44 slides downward relative to 
housing 42 and retractor sleeve 64. As mandrel 44 
slides downward, hooks 158 slide downward relative to 
lugs 1 56 of torsion spring 66 as best seen in Figure 1 0B. io 

As the fluid pressure within interior volume 50 is fur- 
ther increased, the hydraulic force exerted on retractor 
sleeve 64 overcomes the bias force of coil spring 68 
such that retractor sleeve 64 slides axially downward 
relative to housing 42. As retractor sleeve 64 slides is 
downward, pins 138 travel In slots 140 such that retrac- 
tor sleeve 64 rotates relative to housing 42. As retractor 
sleeve 64 slides axially downward and rotates, lugs 156 
move toward hooks 158 as best seen in Figure IOC. As 
retractor sleeve 64 continues to slide downward and 20 
rotate relative to housing 42, lugs 156 contact hooks 
158. 

Once contact is made between lugs 156 and hooks 
158, lower end 148 of torsion spring 166 rotates relative 
to retractor sleeve 64 and upper end 142 of torsion 25 
spring 1 66 in the direction opposite the direction of rota- 
tion of retractor sleeve 64 relative to housing 42. The 
counter rotation between retractor sleeve 64 and lower 
end 148 of torsion spring 66 continues until lugs 156 are 
adjacent to hooks 158 and until pins 138 reach the 30 
upper portion of slots 140, as best seen in Figure 10D. 
The counter rotation of lower end 148 of torsion spring 
66 and retractor sleeve 64 creates stored energy within 
rods 1 52. This energy causes lugs 1 56 to engage hooks 
1 58 as retractor sleeve 64 slides further downward rela- 35 
five to housing 42 as best seen in Figure 10E. 

In response to a decrease in the fluid pressure 
within interior volume 50, the biasing force of spring 68 
overcomes the hydraulic force downwardly urging 
retractor sleeve 64 such that retractor sleeve 64 slides 40 
upward relative to housing 42. As retractor sleeve 64 
slides upward relative to housing 42, lugs 156 upwardly 
urge hooks 158 causing mandrel 44 to slide upward rel- 
ative to housing 42. Retractor sleeve 64 and mandrel 44 
slide upward relative to housing 42 until upper end 142 45 
of torsion spring 66 contacts shoulder 1 70 of housing 42 
as best seen in Figure 10F. 

After the fluid pressure within interior volume 50 is 
removed, the torsion energy stored within rods 152, 
caused by the rotation of retractor sleeve 64 relative to so 
housing 42 and lower end 148 of torsion spring 66 as 
pins 138 slide in slots 140 of retractor sleeve 64, 
exceeds the friction force between lugs 156 and hooks 
158 such that lugs 156 disengage hooks 158 returning 
mandrel 44 to its original position, as best seen in Fig- ss 
ure 10A. 

Therefore, the formation evaluation tool and 
method for use of th same disclosed herein has inher- 
ent advantages over the prior art. While certain emfcxxi- 



iments of the invention have been illustrated for the 
purposes of this disclosure, numerous changes in the 
arrangement and construction of the parts may be 
made by those skilled in the art within the scope of the 
appended claims. 

Claims 

1. A downhole tool (38) oonprising: a housing (42); 
and a mandrel (44) having an interior volume (50), 
said mandrel (44) slidably disposed within said 
housing (42), said mandrel (44) having a plurality of 
positions relative to said housing (42), said mandrel 
(44) slidably operated responsive to a fluid pressure 
within said interior volume (50) such that said man- 
drel (44) cycles through said plurality of positions. 

2. A downhole tool (38) according to claim 1 , wherein 
said mandrel (44) further includes an upset (128) 
and wherein said housing (42) further includes a 
load spring (70) having a first upset (124) which 
interferes with said upset of said mandrel (44) for 
supporting said mandrel (44) and allowing said 
mandrel (44) to slide axially relative to said housing 
(42) when said fluid pressure within said interior 
volume (50) reaches a first predetermined level. 

3. A downhole tool (38) conpristng: a housing (42) 
having a f luki passageway (84) and an interior vol- 
ume: and a seal assembly (72) slidably disposed 
around said housing (42), said seal assembly (72) 
including a floating piston (80), said housing (42) 
and said floating piston (80) defining a chamber 
(82) therebetween, said chamber (82) in communi- 
cation with said fluid passageway (84) such that 
when a fluid pressure within said interior volume 
enters said chamber (82), said fluid pressure urges 
said seal assembly (72) in a first direction. 

4. A downhole tool (38) according to claim 3, wherein 
said seal assen(t)ly (72) further comprises first (74) 
and second (78) seal elements. 

5. A downhole tool (38) comprising: a housing (42); a 
mandrel (44) having an interior volume (50) and sli- 
dably disposed within said housing (42); and a 
retractor sleeve (64) operably associated with said 
housing (42) and said mandrel (44), said retractor 
sleeve (64) engageable with said mandrel (44) for 
slidably urging said mandrel (44) relative to said 
housing (42), said retractor sleeve (64) slidably 
operated responsive to said fluid pressure within 
said interior volume. 

6. A downhole tool (38) according to claim 5, wherein 
said retractor sleeve (64) is slidably rotatable rela- 
tive to said housing (42) and said mandrel (44). 

7. A downhole tool (38) conrprising: a housing (42) 
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having a fluid passageway (84); a mandrel (44) hav- 
ing an interior volume (50). said mandrel (44) slida- 
bly disposed within said housing (42), said mandrel 
(44) having a plurality of positions relative to said 
housing (42), said mandrel slidably operated 
responsive to a fluid pressure within said interior 
volume (50) such that said mandrel (44) cycles 
through said plurality of positions; a retractor sleeve 
(64) operably associated with said housing (42) and 
said mandrel (44), said retractor sleeve (64) 
engageable with said mandrel (44) for slidably urg- 
ing said mandrel (44) relative to said housing (42), 
said retractor sleeve (64) slidably operated respon- 
sive to said fluid pressure within said interior vol- 
ume (50); and a seal assembly (72) slidably 
disposed around said housing (42), said seal 
assembly (72) including a floating piston (80), said 
housing (42) and said floating piston (80) defining a 
chamber (82) therebetween, said chamber (82) in 
communication with said fluid passageway (84) 
such that when said fluid pressure within said inte- 
rior volume (50) enters said chamber (82), said fluid 
pressure urges said seal assembly (72) in a first 
direction. 

8. A downhole tool (38) according to claim 7, wherein 
said mandrel (44) further includes an upset (128) 
and wherein said housing (42) further Includes a 
load spring (70) having first (124) and second (126) 
upsets which interfere with said upset (128) of said 
mandrel (44) for supporting said mandrel (44) and 
allowing said mandrel (44) to slide axially relative to 
said housing (42) responsive to said fluid pressure 
within said interior volume (50). 

9. A method of operating a downhole tool (38) conrv 
prising the steps of: running the downhole tool (38) 
into a weilbore (40). the downhole tool (38) having 
a housing (42). a mandrel (44) slidably disposed 
within said housing (42) and a retractor sleeve (64) 
operably associated with said housing (42) and 
said mandrel (44); increasing the fluid pressure 
inside the downhole tool (38); axially sliding said 
mandrel (44) relative to said housing (42) in a first 
direction; increasing the pressure Inside the down- 
hole tool (38); axially sliding said retractor sleeve 
(64) relative to said housing (42) In said first direc- 
tion; rotatabty sliding said retractor sleeve (64) rela- 
tive to said housing (42); engaging said retractor 
sleeve (64) with said mandrel (44); decreasing the 
pressure inside the downhole toot (38); axially slid- 
ing said retractor sleeve (64) and said mandrel (44) 
relative to the housing (42) in a second direction; 
decreasing the pressure inside the downhole tool 
(38); and disengaging said retractor sleeve (64) 
from said mandrel (44). 

10. A method according to claim 9 further including the 
steps of connecting the downhole tool (38) proxi- 



mate the lower end of a drill string (30) above a drill 
bit (32) and drilling said weilbore (40). 
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